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® Polymeric products of ethylene and vinyl esters. 



@ Latices prepared by emulsion polymerisation comprise an interpolymer of (a) vinyl acetate, (b) ettiylene and 
j(c) the vinyl ester of a tertiary alipfiatic carboxylic acid in wliich the acid moiety contains 9 carbon atoms. Such 
'latices are particularly suitable for use in emulsion paints. 
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POLYMERIC PRODUCTS OF ETHYLENE AND VINYL ESTERS 



This invention relates to latices containing ethyiene/vinyl ester interpoiymers, to the preparation of such 
iatices, and to coating compositions comprising such iatices. More specificaily» the interpoiymers are of 
ethylene, vinyl acetate and the vinyl ester of a tertiary carboxylic acid. 

Latices containing interpoiymers of ethylene, vinyl acetate and vinyl chloride are established products 
5 commonly used in emulsion paints. However, there are certain disadvantages associated with such latices. 
Their preparation requires a high ethylene pressure and requires the handling of the toxic monomer vinyl 
chloride. Moreover, coatings formed from such latices tend to degrade on exposure to heat and/or ultra 
violet light. 

Latices containing interpoiymers of ethylene and vinyl acet^ are also used, but also have disadvan- 
70 tages, the most serious being their poor water and alkali resistance. 

US 3562229 discloses interpoiymers of ethylene and vinyl esters of branched chain monocarboxylic 
acids, optionally with a ternary ingredient, for example vinyl acetate. One example is of an interpolymer 
containing 30% by weight of vinyl acetate, 40% by weight of ethylene and 30% by weight of the vinyl ester 
of ''Versatic" 91 1 acid (trade mark for a saturated tertiary monocarboxylic acid, in this instance comprising 
15 a mixture of acids o f 9, 10 and 11 carbon atoms). The interpolymer is prepared by emulsion polymerisation 
conditions In the presence of a colloidal Group VIII noble metal, followed by coagulation of the emulsion to 
a rubber-like material. There is no suggestion that the emulsion itself, or any like emulsion or class of such 
emulsions, has useful properties. 

UK 1086036 discloses in broad terms interpoiymers of ethylene, one or more vinyl esters of branched 
20 carboxylic acid, for example of acids with 5-20 carbon atoms and one or more readily hydrolysable vinyl 
esters of carboxylic acids, for example of acids with 2-4 carbon atoms. Whilst the preparation of latices of 
such materigds is mentioned as a possibility, none of the examples demonstrate the preparation of latices 
and there is no suggestion of the advantageous utility of the particular class of latices with which the 
present invention is concerned. 
25 The vinyl ester of a tertiary carboyxlic acid having 10 carbon atoms in the acid moiety (available under 
the trade mark "VeoVa" 10) has a good reputation with respect to ease of handling and is readily co- 
polymerised with vinyl acetate to form latices useful in a variety of applications, in particular being widely 
used in paints. Paints containing such latices have good resistance to heat, ultra violet light and alkaline 
environments. In an attempt to develop a latex in which the polymeric component incorporates the cheap 
30 product ethylene, but which does not have the above-mentioned disadvantages of latices in which the 
polymeric component is vinyl acetate/ethyiene or vinyl chloride/ethylene/vinyl acetate, latices containing an 
interpolymer of ethylene.- yinyl acetate and"i|^^gpVa:L10^ere prepared. Such latices are in accordance with 
f^iP-T^nr^^-Q^hirh suggests coating com'posltions^^containihg an interpolymer of vinyl acetate, ethylene and 
the vinyl ester of a tertiary aliphatic carboxylic acid, specific exemplification being made of the use of the 
vinyl ester of a tertiary aliphatic carboxylic acid containing lOj^arbon atoms in the acid moiety. However, it 
was found that the polymer films formed from such^ Iaflces~ were ttoo tacky h o be useful fo r coating 
applications ant j^SoffleS'aten^r^T'S^B^id^j^bS ^ 

It has now been found, surprisingly, that polymer Films formed from^^rtain interpolymer latices of 
ethylene, vinyl acetate and the vinyl ester of a tertiary aliphatic carboxylic acid containing 9 carbon atoms in 
40 the acid moiety do not suffer from the above-mentioned disadvantages of the corresponding products 
containing 10 carbon atoms. It is believed that these surprising and advantageous properties are found in a 
certain class of such latices. characterised in terms of defined proportions of the constituent materials of the 
interpolymer and by the selection of a vinyl ester of a tertiary aliphatic carboxylic acid containing 9 carbon 
atoms, the glass transition temperature of whose self-polymer, as measured by differential scanning 
45 calorimetry. is in the range 20-120* C. preferably 40-100* C. most preferably 50-70* C. 

Accordingly the present invention provides a latex comprising 25-65% by weight of the latex of an 
interpolymer of (a) vinyl acetate, (b) ethylene and (c) the vinyl ester of a tertiary aliphatic carboxylic acid in 
which the acid moiety contains^ carbon atoms, the glass transition temperature of the self-polymer of 
component (c). as measured by differential scanning calorimetry. being in the range 20-120* C. wherein the 
so weight ratios of the constituents of the interpolymer are defined by the ranges: 

100 parts (a): 5-50 parts (b); 

100 parts (a): 5-120 parts (c); 

and 100 parts (b): 50-500 parts (c). 
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Preferably the weight ratios of the constituents of the interpolymer are defined by the ranges: 

100 parts (a): 10-40 parts (b); 
100 parts (a): 10-100 parts (c): 
and 100 parts (b): 80-400 parts (c). 

The component (c) may be^fepresented by-the general formula 
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where each group R is an alkyi group and the qroup_s _R contan_7Lcarb3Qn^^^ 

The component (c) may be a single chemical compbu?Sf"but more commonly, as a consequence of the 
preparation of such products, will be a mixture of isomers which vary In the branching in the 'aliphatic 
moiety. As a further consequence of the preparation a minor amount of impurities may be present, for 
example homologues. Th^fore. the definition "the vinyl ester of a tertiary aliphatic carboxylic acid in which 
the acid moiety contaig^^ parb on atoms, the glass transition temperature of whose self-polymer, as 
measured by differentiaT^^ning calorimetry. is in the range^^^^^^^^y^jj^es^^^in^^^j^ 
products containing a major quantity, suitably 90% or more, of a cqmpouTid or of a mixture of isomers in 
which said acid moiety contain^Q-earbon^atoms. and a minor quantity, for example up to about 10%, of 
further compounds. The above^definTtiofis of amounts of (c) which may be used refer to the component (c) 
with any such isomers and impurities. The above definitions of the glass transition temperature of the self- 
polymer of (c) relate to the component (c) with any such isomers apd^furth^^Sbmpounds co-polymerised. 

A preferred component (c) is sold under the trade mark <^ TOVa|;^?l a nd comprises a number of 
isomers in which the acid moiety contains 9 carbon atoms and a-kman^^amount, typically 5%, of close 
homologues. The glass tr ansition temperature_of self-polymerised "VeoVa" 9, as measured by differential 
seanning.caiorimeti^nsigenegn O^^f^fl^ — 

As is well known in the art. reliable ^and reproducible assessment of a polymer's glass transition 
temperature is achieved when the polymer is pure, and when it is of sufficiently high molecular weight for 
the glass transition temperature to be substantially independent thereof. As is well known, drying can be 
employed to remove water, as well as unreacted monomers if they are sufficiently volatile, whilst a suitable 
volatile inert solvent can be employed to remove monomers which cannot be removed by evaporation, 
solvent subsequently being removed from the polymer by drying. 

Preferably, the interpolymer comprises 40-60% of the weight of the latex. 
The constituents (a), (b) and (c) are the basic constituents of the interpolymers of the present invention 
but similar products may be prepared which contain small amounts, preferably no more than 10%, by 
weight of the interpolymer. of further copolymerised constituent(s). Such products fall within the scope oil 
this invention. Preferably, however, the interpolymers of the present invention are composed substantiallyj 
entirely of the components (a), (b) and (c), or else may also contain 0.2-3% by weight of interpolymer of c6-jf / 

polymerised s tabiliser^ as acrvlamide or acrvljc,acid. ,^ 

[aSessn'n^a^iwd^ice^w^^ invention are of particular interest as binders for lacquers, pa ints and 
^varnishes du e their "good film forming properties, their high pigment binding power, the Jack of tackiness of 
nfieJilmSj^yneir alkali resistaiTce^and>esistair^^^ o f the 

invention normally corSain ^^^solve^ pigments, and wiTi colmmonry' contain further constituents, 
examples being fillers, thickeners, dispersants. pfeservative's,"^W and anti foaming agents. 

A further aspect of the invention is provided by a powder product formed by drying a latex of the 
invention, as defined above. Such a powder could be reconstituted into a latex as required, or incor porated 
'"to_a product^such^as..a.mortar. 

The latices of the invention" a nd/or powd er products formed therefrom may also find application in the 
field of paper and textile coatings.^'^^esiy. es.^po lishes. sealants and putties. 

A latex as defined above in accordance with the invention is prepared by emulsion polymerisation, 
wherein an aqueous emulsion comprising vinyl acetate, the vinyl ester of a tertiary aliphatic carboxylic acid 
in which th acid moiety contains 9 carbon atoms, as defined above, one or more stabilisers, one or more 
buffering agents and one or more polymerisation initiators, is reacted at an elevated temperature, suitably 
40-100* C. with ethylene. 



BNSOOCID: <EP 0295727A2J^ 



EP 0 295 727 A2 



The reaction is preferably effected using ethylene at elevated pressure, suitabfy tO-70 bar 
(approximately lOxtO^-TOxlO^Pa). 

It has been found that the presence of said vinyl ester of a tertiary aliphatic carboxylic acid 
unexpectedly and advantageously facilitates the incorporation of ethylene into the interpolymer; thus the 
s higher the proportion of said vinyl ester relative to vinyl acetate, the higher the proportion of copolynnerised 
ethylene at a given ethylene pressure. 

The preparation of a latex as defined above by ennulsion polymerisation constitutes a further aspect of 
the invention. 

Stabilisers suitably constitute about 1-4% by weight of tiie latex, it is pr eferred that the stabilisers used 
10 in the latex comp.ns_e_atJeast^oj^ ^P^9"'9 be nefiaaTeff^ 
on the stability _of the l^j^c ^rid in particula r on ^^^Q j'ggg^o" n^'xture duri ng t he Dofv rn erisation proce ss. 
facilitating the forrna ti qn of mic^ of the interpolymer, and at least one non ionic surface active age nt, 
which is believed to contribute to latex stability: or a t least one surface active agent of the mixed 
anionic/non ionic type: and at least one further stabiliser, of the colloidal type or of the copolymerised type, 
75 for example acrylamide or, especially , acrylic acid > 

Suitable anionic surface active agents include alkyiaryl sulphonates, for example alkylbenzene sul- 
phonates: salts of sulphosuccinic esters: alkyl sulphates, alkyi sutphonates, sulphates of hydroxyethyl esters 
of monocarboxylic acids, sulphates of alkyiphenoxypolyethoxyethanols. sulphates and sulphonates of 
hydroxypropyl esters of monocarboxylic acids and sulphates of monoglycerides of monocarboxylic acids, 
20 such compounds having 12-24 carbon atoms; and salts of Ca-ig monocarboxylic acids. Suitably 0.05-1% by 
weight of the latex may be constituted by anionic surface active agents, preferably 0.1-0.5%. 

Suitable non ionic surface active agents include reaction products of hydroxy compounds with alkylene 
oxides, such as ethylene oxide or propylene oxide, for example a compound of the general formula R- 
C6H4-0-(CH2-CH2-0)n-H where R represents a Cq.ib, especially Ce-g. alkyl group and n represents a number 
25 from 3 to 40; reaction products of ethylene oxide with propylene glycol ethers, or with monocarboxylic 
acids, suitably of 6-20 carbon atoms, for example lauric acid, palmitic acid or stearic acid, or with alcohols, 
suitably of 6-20 carbon atoms, for example octyl, lauryl or cetyl alcohol. Suitably 0.5-2% of the weight of 
the latex may be constituted by non ionic surface active agents. 

Suitable surface active agents of the mixed anionic/non ionic type include sulphonates based on 
30 alkyiaryl polyglycol ethers. 

Preferably an anionic and an non ionic surface active agent are used. Especially preferred is the use of 
an alkyiaryl sulphonate together with a compound R-C6H4-0-(CH2-CH2-0)n-H. 

Suitable colloidal stabilisers include cellulose compounds, for example methylcelluiose. carboxymethyl- 
ceilulose and. especially, hydroxyethyl cellulose; natural products such as starches, gelatine, casein, gum 
35 arable and alginates; biopolymers; and polyvinyl alcohol of both fully and partially hydrolized grades and 
polyvinyl pyrrolidone- Suitably 0.02-2% of the weight of the latex may be constituted by colloidal stabilisers, 
it has been found, however, that good dispersion in the latex as well as particularly good properties in the 
eventual polymer films are achieved when the dispersing agents are oT the non-colloidal, copolymerised 
type, for example acrylic acid. These effects can be achieved with low quantitites of such compounds, 
40 suitably 0.1-1.5% based on weight of the latex. Since these compounds are copolymerised the eventual 
interpolymer may comprise about 0.2-3% by weight of this component. 

Suitable as initiators are compounds which form free radicals under the reaction conditions for the 
emulsion polymerisation, whether by tfiermal breakdown, redox reaction or photo initiation. Initiators include 
peroxides, hydroperoxides, persulphates, peroxydiphosphates or diazo compounds. Examples are benzoyl 
45 peroxide, ditertiary butyl peroxide, hydrogen peroxide, alpha.alpha'-azo-iso-butyric nitrile and sodium, 
ammonium or. especially, potassium persulphate. 0.1-1%. preferably 0.2-0.5% of initiator, based on weight 
of the reaction mixture, is suitably employed. Compounds which cause redox decomposition of above- 
named 'per* initiators include salts of reducing acids of sulphur, suitably alkali metal sulphites, (for example 
Na2S03), alkali metal bisulphites, for example NaHSOa). alkali metal metabisulphites, (for example 
50 Na2S20s). alkali metal thiosulphates. (for example Na2S203) alkali metal formaldehyde sulphoxylates. (for 
example Na[HS02.CH20]) and, the preferred class, alkali metal dithionites (for example Na2S204). Such 
compounds, when used, may constitute 0.1-0.5% of the weight of the reaction mixture. 

The polymerisation is suitably effected at 70-100" C when thermal initiation is used; and at 40-70 *C 
when redox initiation is used. When redox initiation is used the reaction is carried out in an inert 
55 atmosphere, nitrogen suitably being used to flush out the reaction vessel prior to commencement of the 
reaction and air being excluded from the vessel during the reaction. 

Buffering agents suitable for use in the polymerisation process are water-soluble compounds which can 
prevent the pH of the mixture falling below about 4. Preferred buffering agents include borax and an organic 

4 



BNSDOCID: <EP q205727A2J^ 



a29S727A2 



acid, suitably acetic acid or acrylic acid, or an alkali metal carbonate or bicarbonate or acetate. If acrylic 
acid is employed in the buffer it will be copolymerised, conferring stability on the latex, and the pH may 
need to be increased once polymerisetion '« complete. 

The invention will now be further described with reference to the following examples. 



Example of latex preparation * thermal initiation 

A latex according to the invention was prepared in a 2-litre autoclave reactor equipped with a stirrer, 
thermometer, inlet tubes for initiator, monomers, nitrogen (not used with themna! initiation) and ethylene. 

The reactor was charged with 7.0 parts by weight (p/w) of an 10 wt% aqueous solution of an alkylaryl 
sulphonate anionic surfactant sold under the trade mark "Humifen" SF 90. (containing 90% active material) 
0.1 p/w potassium persulphate and 0.0? p/w borax in 33.0 p/w demineralised water. 

An monomer pre-emuision was prepared by emulsifying 80 p/w vinyl acetate. 20 p/w "VeoVa** 9. 0.5 
p/w acrylic acid (stabiliser) with a solution of 4.8 p/w of a 10 wt% aqueous solution of "Humifen" SF 90, 2.0 
p/w of a 1/1 mixture of the non-ionic surfactants "Ethylan" HA and "Ethylan" 44 (trade mark: nony I phenol 
ethoxylates with 3& and 4 ethylene oxide units respectively). 0,4 p/w potassium persulphate and 0.45 p/w 
borax in 45.2 p/w of demineralised water. 

The initial reactor charge was heated to BO' C. The monomer pre-emulslon was added to the reactor 
over a period of 3 hours. Ethylene was supplied to the reactor at a pressure of 20 bars until the pre- 
emulsion addition was complete. After the addition was complete the temperature was maintained at 80* C 
for a further 2 hours. 

The latex was then transferred under the residual pressure to a separate reactor in which it was allowed 
to cool to ambient temperature. A small stream of ethylene was allowed to escape from the reactor, to 
reduce any risk of foaming, 

Rnally the latex was filtered and the pH (measured with a pH meter) raised to 7.0-7,5 by addition of an 
appropriate amount of 10 wt% aqueous ammonium carbonate solution. 

Approximately 1 litre of latex was thus prepared. 

A series of further latices was prepared by a method as described above, involving stabilisation by 
acrylic acid and thermal initiation. Ethylene pressures and vinyl acetate/"VeoVa" 9 ratios were varied. Some 
of the reactions employed different anionic and non ionic surface active agents. Some of the reactions were 
caned out at 90*C and in some cases a few drops of 25% aqueous ammonia were added after the 
ammonium carbonate addition to bring the pH into the range 7.0-7.5. 

The interpolymers were analysed in one or more of the following ways. 

The glass transition temperature (Tg) was measured by differential scanning calorimetry. 

Ethylene content was determined by an interpolation method following measurement of the glass 
transition temperature (Tg) of the interpolymer. based on knowledge of the Tg's of its self-polymerised 
constituents; or by a method involving severe (total) hydrolysis of latices of known interpolymer content 
using aqueous potassium hydroxide in 1/1 v/v ethanol/toluene (0.5mol/litre) followed by titration of the 
remaining base against hydrochloric acid (0.5 mol/litre in ethanol). the ester group concentration of the 
interpolymer being calculable from the thus-derived information of the quantity of base used in the 
hydrolysis. 

The minimum film forming temperatue (MFT) was recorded. 

The monomer conversion was determined by a bromination and titration technique giving information on 
the free vinyi ester concentration. A sample of a latex was reacted at 0-5 ' C with an excess of bromine in 
glacial acetic acid followed by determination of the excesss bromine iodometrically with sodium thiosul- 
phate. 

The solids content was detennined by drying the latex and comparing the initial with the final weight 
Whitening resistance was measured on a film formed from the latex. The film was applied to a glass 
panel with a 200 micron applicator. The film was allowed to dry for one week at about 40 ' C. A drop of 
demineralised water was placed on the film and the whitening of the film assessed after 5, 10, 15 and 60 
minutes, each time on a 0-10 scale. 10 indicating no effect and 0 indicating complete whitening, the ratings 
being summated. 

Viscosity was measured on a Brookfield viscometer, spindle 3, 60 rpm. 23* C. 

The alkali resistance was assessed by immersing a film formed by drying the latex. In a 2 wt% solution 
of sodium hydroxide, for two weeks, then drying the film completely, then measuring the weight loss. 
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The results are presented in Table 1 below. 

Rgure 1 of the drawings is a graph derived fronn the results, presented in Table 1. of experiments 
carried out at 20 bars., showing how the ethylene content of the Interpolymer varies as a function of the 
proportion of "VeoVa" 9 present. 
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Example of latex preparation * redox initiation 

5 

A further, redox initiated latex according to the invention was prepared in the apparatus described ? 
above. 

The initial reactor charge was prepared by dissolving 0.6 parts by weight (p/w) of "Humifen" SF 90. ^ 
0.05 p/w sodium carbonate. 0.086 p/w potassium persulphate and 0.058 p/w sodium dithionite in 25.0 p/w 
10 demineralised water. 

An initiator solution was prepared by dissolving 0.4 p/w "Humifen" SF 90. 0.29 p/w sodium dithionite. 
0.43 p/w potassium persulphate and 0.25 p/w sodium bicarbonate in 60.0 demineralised water. Finally 10.0 
p/w of a 25 wt% nan-ionic surfactant ''Arkopar N230 was added. 

A monomer mixture was prepared by mixing 80 p/w vinyl acetate with 20 p/w "VeoVa" 9. 0.5 p/w 
75 acrylic acid was included, for stabilisation. 

The reactor was carefully flushed with nitrogen. The initial reactor charge was then introduced into the 
reactor and heated to 55 *C. The initiator solution and monomer mixture were added continuously to the 
reactor in separate streams, over a period of 2.5 and 2 hours respectively. After the initiator addition was 
completed the temperature was maintained at 55* C for a further 1.5 hours. The latex was then allowed to 
20 cool and was then filtered. Throughout the period in which the reactor was heated an ethylene pressure of 
20 bars was maintained. 

The resulting latex was analysed with respect to monomer conversion, solids content, viscosity, MFT 
and alkali extraction as described above. The results are. presented below, together with the results of a 
water absorption test in which the weight increase of a film formed from the latex is determined after 14 

25 days immersion in water (a weight increase of less than 100% representing a very good performance and a 
weight increase of 100-200% representing a normal range for a good quality general purpose latex), and the 
results of a scrub test in which an indoor paint formulated with a pigment volume concentration of 80% was 
subjected to scrub treatment, the number of cycles until breakdown occurred being recorded, the testing 
being in accordance with DIN 53778 (50-100 cycles being adequate for a general purpose latex, and more 

30 than 500 cycles denoting a good performance). 

Monomer conversion: 98.2% 
Solids content 51.6% 
Viscosity: 70 mPas 
35 MFT:8'C 

Alkali extraction: 0% 

Scrub resistance: 750 cycles 

Water absorbtion; 95% 

40 Rims formed from the latex were not tacky and so would have little tendency to pick up dirt and dust. 



Comparison Examples 

45 Latices of vinyl acetate. "VeoVa" 10 and ethylene were prepared by thermal initiation In the manner 
described in the first experimental write-up above, for "VeoVa" 9. Table 2 below presents results for such 
latices. 

Rims formed from such latices were tacky and would be expected to pick up dirt and dust. 

so 
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Ctaims 

1 . A latex comprising 25-65% by weight of the latex of an Interpolymer of (a) vinyl acetate, (b) ethylene 
and (c) the vinyl ester of a tertiary aliphatic carboxylic acid in which the acid moiety contains 9 carbon 
atoms, the glass transition temperature of the self-polymer of component (c), as measured by differential 
scanning calorimetry, being in the range 20-1 20 *C, wh rein the weight ratios of the constituents of the 
interpolymer are defined by the ranges: 

100 parts (a): 5-50 parts (b); 
100 parts (a): 5-120 parts (c); 
and 100 parts (b): 50-500 parts (c). 

2. A latex according to claim 1. wherein the weight ratios of the constituents of the interpolymer are 
defined by the ranges: 

too parts (a): 10-40 parts (b); 
100 parts (a): 10-100 parts (c); 
and 100 parts (b): 80-400 parts (c). 

3. A process for the preparation of a latex as claimed in claim 1 or 2» wherein an aqueous dispersion 
comprising vinyl acetate, the vinyl ester of a tertiary aliphatic carboxylic acid in which the acid moiety 
contains 9 carbon atoms, one or more stabilisers, one or more buffering agents and one or more 
polymerisation initiators, is reacted with ethylene at elevated temperature. 

4. A process according to claim 3. wherein the reaction temperature is in the range 40-100* C and the 
reaction is carried out at an ethylene pressure in the range 10-70 bar. 

5. A process according to claim 3 or 4 wherein the reaction mixture includes an alkylaryl sulphonate 
surfactant and a compound of the general formula R-Cs H*-0-{CH2-CH2-0)n-H. where R represents a Ceoe 
alkyi group and n represents a number from 3 to 40. 

6. A process according to any of claims 3. 4 or 5, wherein the reaction mixture includes 0.1-1.5% by 
weight of acrylic acid or acrylamide. 

7. A process according to any of claims 3 to 6, wherein the reaction temperature is 40-70 'C and the 
polymerisation is initiated on redox decomposition of a peroxide, hydroperoxide persulphate or perox- 
ydiphosphate by a salt of a reducing acid of sulphur, the reaction being carried out with exclusion of air. 

8. A paint or lacquer or varnish composition comprising a latex as claimed in claim 1 or 2. together with 
at least one additional constituent selected from co-solvents, pigments, thickeners, dispersants. preserva- 
tives, corrosion inhibitors and antifoaming agents. 

9. A powder product formed by drying a latex as claimed in claim 1 or 2. 
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